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© BATTERY CAPACITY METER. 



® This meter comprises means for measuring the 
discharge current and terminal voltage of a battery; a 
data table showing the values of available capacity 
^ which are expressed by combinations of the values 
^ of different discharge currents, and the values of the 
lO terminal voltages, and prepared on the basis of the 
values measured in advance; storage means for stor- 
ing the data table; and means for displaying on a 
CO display the value of the available capacity by read- 
^ ing the capacity from the storage means in accor- 
O 

a. 
w 



dance with the terminal current and voltage values 
when the battery is in use. The value of the available 
capacity is defined as the ratio of the total time 
during which the discharge with a constant current is 
possible at from the initial voltage in the fully 
charged condition to the final voltage, and the re- 
maining time during which the discharge of constant 
current is possible at from the value of the measured 
terminal voltage to the final voltage. 
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Technical Field 

This Invention relates to a remaining capacity 
meter of a battery to be used as a driving source 
for electric motor vehicles, and particularly to a 
battery remaining capacity meter with which a us- 
able capacity of the battery being used can be 
easily understood. 

Background Art 

A battery is generally used as a driving source 
for an electric motor in an electric motor vehicle 
such as an electric car. Several different methods 
are known for detecting the remaining capacity of 
the battery. Such methods can be classified into 
either 1) direct detection or 2) indirect detection of 
the remaining capacity. 

Specifically, the first classification uses the re- 
lationship between the following essential battery 
characteristics and the battery remaining capacity. 
These characteristics include the open circuit volt- 
age, electrolyte density, the electrode potential of a 
pair of reference electrodes, the pH value of the 
electrolyte, partial pressures of various gases in the 
cell, relative humidity in the cell dead space, the 
electrolyte viscosity, and the refractive index of the 
electrolyte. 

A numerical formula representing the relation 
between these characteristics and the remaining 
capacity varies depending on the type of battery. 
Specifically, a sealed lead acid battery is generally 
recognized to have a linear correlation between the 
remaining capacity and the open circuit voltage. 
For example, in a 30-Ah sealed lead acid battery, a 
13V open circuit voltage corresponds to 27Ah, 
12.4V to 15Ah, and 11.8V to 2Ah. A remaining 
capacity meter using this correlation is described in 
detail in Japanese Patent Application Laid-open 
Print No. 57-149144. 

An apparatus based on the relation between 
the density and the refractive index of the sulfuric 
acid electrolyte of a lead acid battery has also 
been used widely to detect the remaining capacity 
(e.g.. Japanese Patent Application Laid-open Print 
No. 63-274064 and Japanese Patent Application 
Laid-open Print No. 1-260769). According to this 
method, a special probe is inserted into the battery 
to measure the refractive index of the sulfuric acid 
electrolyte. The remaining capacity is calculated 
from the detected values. 

The second classification, indirect detection of 
a remaining capacity, calculates a remaining ca- 
pacity by measuring either the output current of the 
battery or the output current and voltage of the 
battery when the battery is being used as an en- 
ergy source. This detection method mainly uses 
the well known PEUKERT equation, lnT = C. In the 



formula, I stands for the discharge current, n for a 
value larger than 1 which depends on the type of 
battery, t for the discharge time, and C for a 
constant. The PEUKERT equation yields values 

5 which correspond to the well-known phenomenon 
in which battery capacity decreases as the electric 
current increases. For example, in a 30 Ah sealed 
lead acid battery, a 10A constant current discharge 
leads to a capacity of 26.6Ah, 50A to 17.0Ah, and 

70 80Ato14.9Ah. 

Several remaining capacity meters have been 
published, which measure battery current, convert 
the detected output current value using the 
PEUKERT equation, and integrate the converted 

75 value with respect to time (e.g., Japanese Patent 
Application Laid-open No. 59-56177 and NASA 
Technical Note D-5773. 1970). 

A second indirect detection technique for de- 
termining battery remaining capacity uses the out- 

20 put current and the voltage of the battery (e.g., 
Japanese Patent Application Laid-open No. 2- 
247588). Specifically, in a table showing current on 
the horizontal axis and a voltage on the vertical 
axis, values corresponding to actual battery remain- 

25 ing capacities are indicated, and the table including 
these values is stored in a memory device which is 
a component of the remaining capacity meter. 

However, the above techniques for measuring 
the remaining capacity of a battery are not appro- 

30 priate for conditions of actual use and have limita- 
tions with respect to accuracy and cost which re- 
main to be solved. 

Specifically, the direct detection technique 
which uses the open circuit voltage shows a cor- 

35 rect value only when reaching an equilibrium volt- 
age after an extended period of time. However, 
when an electric motor vehicle such as an electric 
car actually runs in an urban area, it does not stop 
for long enough periods of time for the battery to 

40 reach the equilibrium voltage. As a result, the cor- 
rect remaining value cannot be determined under 
these conditions. 

In the method for measuring the refractive in- 
dex of the electrolyte with a sensor, the insertion of 

45 the sensor for measuring the refractive index is 
expensive and has the disadvantage of increasing 
the possibility of electrolyte leakage from the point 
of sensor insertion. Additionally, it is difficult to 
position the sensor at an appropriate location within 

so the battery such that a representative value can be 
measured. 

Furthermore, a method for detecting a remain- 
ing capacity, which uses the PEUKERT equation to 
covert an input current signal, integrates the used 
55 battery capacity, and subtracts the integrated used 
capacity from the whole capacity, requires com- 
plicated circuitry which is expensive. 
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It also has the disadvantage that large errors 
can occur under ordinary conditions of battery use. 
The errors of this method are cumulative and, thus, 
tend to increase with respect to the time of battery 
use. This tendency becomes particularly significant 5 
when the conditions of using the battery change 
drastically and frequently. . 

To minimize the accumulation of errors, it is 
known in the art to provide a reset switch with 
which the battery remaining capacity meter resets 10 
to zero when the battery is fully charged. For a 
battery which is determined to be in a fully charged 
state when charged, the reset switch is triggered 
after charging is completed to initialize the battery 
remaining capacity meter and eliminate any pre- 75 
viously accumulated errors. 

However, when a battery is partly charged, e.g. 
up to 60% of the total capacity by a quick charger, 
the reset switch is not triggered and accumulated 
errors remain. To minimize the accumulated errors, 20 
accurate integration of the reverse current during 1 
charging is necessary. But, since it is very hard to 
precisely execute integration of the reverse current, 
unacceptable errors can accumulate. The reason 
for this is that the charging efficiency of a battery is 25 
not constant and varies depending on the tempera- 
ture and the charging conditions, so that the cur- 
rent fraction used for actual charging of the battery 
cannot be determined accurately. Furthermore, 
repetition of partial charging and discharging with- 30 
out triggering the reset switch may result in accu- 
mulated error which is unacceptable such that the 
remaining capacity meter may become useless. 

Another problem with this method is that even 
when the battery has available remaining capacity, 35 
it may not be used for high current values because 
of large voltage drops. In this case, although the 
battery cannot be used because of the large volt- 
age drops at that time, after a lapse of a certain 
time, the battery recovers and it may be used for ao 
high current values. In this case, the integration 
method indicates before and after recovery that 
there is no remaining capacity, causing the user to 
be confused. And, even if it is technically not an 
error, the remaining state of the battery is not 45 
indicated properly for both conditions, before and 
after recovery. That is to say, under the present 
method which uses the battery current, there is a 
disadvantage that the usable battery remaining ca- 
pacity under all situations cannot be determined 50 
accurately. 

In the aforementioned indirect detecting meth- 
od (a method using a table based on the output 
current value and the voltage value of a battery), a 
remaining capacity can be estimated very accu- 55 
rately. However, with each value in the table repre- 
senting an actual capacity value, the positional 
interval between a full charge indication and an 



empty charge indication will vary with the mag- 
nitude of the battery current used as indicated by 
the PEUKERT equation. Therefore, depending on 
the way in which the full charge state or empty 
charge state is defined, the indicating device either 
1) indicating a capacity which varies greatly with 
the increase or decrease of current used or 2) 
indicates that remaining capacity can be used even 
when it cannot be used. In either case, the user 
has difficulty in understanding the indication of 
battery remaining capacity. 

In view of the circumstances, this invention has 
been completed with the aim of realizing a battery 
remaining capacity meter using an inexpensive cir- 
cuit structure, which can always make measure- 
ments regardless of the presence of a load, auto- 
matically corrects for differences in battery capac- 
ity due to the magnitude of a discharge current 
value, and always indicates a remaining capacity 
with respect to the current discharge current value. 
Furthermore, the capacity indication of the battery 
remaining capacity meter is designed to be similar 
to that of a fuel meter used in conventional internal 
combustion engine cars, so that the user can easily 
understand it. 

Disclosure of the Invention 

This invention relates to a battery remaining 
capacity meter which comprises: 

a detecting means for detecting the discharge 
current and the terminal voltage of a battery, 

a data table of remaining capacity values which 
corresponds to the combinations of current values 
at several different discharge currents and terminal 
voltage values and in which the remaining capacity 
values are based on actual values measured in 
advance, 

a memory for storing the above data table, and 
an indicating means for reading the remaining 
capacity value from the memory using the current 
value and the terminal voltage value of the operat- 
ing battery and for giving instructions to a display, 
wherein 

the remaining capacity value is set as a ratio 
between a total time during which a constant cur- 
rent discharge can be made from an initial voltage 
in a fully charged state to an end voltage and a 
remaining time during which the constant current 
discharge can be made from the detected terminal 
voltage value to the end voltage. 

Brief Description of the Drawings 

[Fig. 1] 

A schematic view showing the entire circuit 
structure of the battery remaining capacity meter 
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according to Example 1 of the invention. 
[Fig. 2] 

A front view showing the appearance of the 
display of 

Example 1. 

[Rg. 3] 

A data table stored in the memory, ROM, of 
Example 1. 

[Fig. 4] 

An explanatory view showing the relation be- 
tween a discharge curve at each current value and 
a graph representing the data table of Example 1. 

[Fig. 5] 

A data table stored in the memory, ROM, ac- 
cording to Example 2 of the invention. 

[Fig. 6] 

A data table stored in the memory, ROM, ac- 
cording to Example 3 of the invention. 

[Fig. 7] 

A data table stored in the memory, ROM, ac- 
cording to Example 4 of the invention. 

[Fig. 8] 

A data table stored in the memory, ROM, ac- 
cording to Comparative Example 1. 

[Fig. 9] 

A data table of battery absolute capacity values 
at each measured current value according to Com- 
parative Example 2 (unusable capacities are in- 
cluded in this table). 

[Fig. 10] 

A data table stored in the memory, ROM, ac- 
cording to 

Comparative Example 2. 
[Fig. 11] 

A diagrammatic view showing a constant cur- 
rent discharge characteristic of an ordinary battery. 



[Fig. 12] 

A characteristic view showing each discharge 
curve at different constant current discharges. 

5 

[Fig. 13] 

A characteristic view showing the relation be- 
tween a battery discharge current value and a 
io dischargeable capacity. 

[Fig. 14] 

A characteristic view showing the relation be- 
75 tween a battery discharge voltage and a discharge- 
able capacity based on the discharge curve at a 
given constant current discharge. 

[Fig. 15] 

20 

A data table of battery absolute capacity values 
usable at each measured current value according 
to the invention. 

25 Best Mode for Carrying Out the Invention 

Prior to describing examples, known discharg- 
ing characteristics of batteries will be described to 
make it easy to understand the invention. 

30 First, for example, when a sealed lead acid 
battery having a nominal capacity of 30Ah is dis- 
charged at a constant current from a fully charged 
state to the last stage of discharge, the battery 
terminal voltage varies with the respect to the dis- 

35 charge time, as shown in Rg. 11. Specifically, as 
shown in the figure, the terminal voltage decreases 
gradually for most of the discharge time, then 
decreases sharply at a time T when the usable 
capacity of the battery is exhausted. Therefore, the 

40 discharge capacity usable at a certain time for this 
discharge condition can be represented by the 
product of the discharge current and the elapsed 
time up until the voltage drop point T. 

Second, it is known according to the PEUKERT 

45 equation that the discharge time is shortened as 
the constant-current discharge value increases, 
Specifically, as shown in Fig. 12, the time T at 
which the voltage drops sharply decreases signifi- 
cantly with the increase of the constant current 

so discharge. Furthermore, the voltage at the time T 
also tends to decrease. Accordingly, as the dis- 
charge current increases, the dischargeable capac- 
ity decreases, and the discharge curves become 
different. As a result, when a fully charged battery 

55 is discharged at several different constant currents, 
the whole dischargeable capacity varies according 
to the current, and the dischargeable capacity can 
be determined as a function of each constant cur- 
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rent. Specifically, as shown In Fig. 13, for example 
in the same battery having a nominal capacity of 
30Ah, the dischargeable capacity decreases as the 
discharge current value increases. 

At a certain constant current, a discharge curve 
can be drawn using capacity instead of time on the 
horizontal axis and the terminal voltage on the 
vertical axis. Division of the voltage axis into sev- 
eral small ranges can generate the vertical compo- 
nent of a table which relates the dischargeable 
remaining capacity at a given time with the terminal 
voltage and the discharge current of the battery. 

Specifically, as shown in Fig. 14, at a dis- 
charge current of 10A for example, a range from 
zero to time T on the horizontal axis is divided into 
five sections, so that a voltage range corresponding 
to each divided section can be obtained. Specifi- 
cally, from the 1 0A discharge current value and the 
elapsed time to a certain divided time on the 
horizontal axis, the used current quantity (Ah) at 
this time can be calculated. And, by subtracting the 
used current value at each time from the whole 
used current value (Ah) calculated from the total 
elapsed time of discharging, the absolute remain- 
ing capacity value usable at each time can be 
obtained. By conducting this operation at every 
other current A, a table for obtaining usable ab- 
solute remaining capacity from each discharge cur- 
rent and measured voltage can be prepared. 

Thus, with respect to a battery having a capac- 
ity of 30Ah, a table for obtaining usable absolute 
capacity values of the battery can be obtained as 
shown in Fig. 15. Blocks (hereinafter referred to as 
cells) marked with an asterisk indicate that a com- 
bination of a given voltage and a given current 
cannot be attained. 

In this invention, the absolute capacity values 
used in the aforementioned Fig. 15 are replaced by 
relative capacity values. And, as seen from the 
following examples and comparative examples, 
these relative values are used to realize a device 
which can simply determine the usable remaining 
capacity which varies according to the current val- 
ues. 

(Example 1) 

The battery remaining capacity meter of the 
invention will be described based on Example 1 
shown in Fig. 1 and Fig. 3. Fig. 1 is the entire 
structural view of a device realizing the battery 
remaining capacity meter of this example. In the 
figure, a battery remaining capacity meter 1 com- 
prises a detecting circuit block 3, a microcomputer 
block 5 connected to the above block, and a dis- 
play 21 connected to the block 5. 

Specifically, the detecting circuit block 3 is 
connected to the terminals of a battery which is not 



shown and comprises detecting circuits 11, 1 2 for 
detecting the battery current and voltage, filter cir- 
cuits 13, 14 for filtering detection signals from 
these circuits 11, 12, and hold circuits 15, 16 for 
5 holding the filtered signals. And, the microcomputer 
block 5 comprises an A/D converter 17 for convert- 
ing an analog signal from the detecting circuit into 
a digital signal, a microcomputer 18 for determining 
a battery remaining capacity value with reference 

w to a table of a ROM 19 based on the digital signal, 
and a latch circuit for holding the remaining capac- 
ity value. The battery of this example is the afore- 
mentioned sealed lead acid battery having a nomi- 
nal capacity of 30Ah to simplify the description* 

15 The above detecting circuits 11, 12 are con- 
nected to the battery terminals to detect the termi- 
nal voltage and the discharge current of the battery 
being used. Specifically, the terminal voltage is 
easily detected by resistance division. On the other 

20 hand, a discharge current can be detected by 
either a method using a shunt resistance con- 
nected in series with a load of the battery or a 
method using a current sensor with a Hall element. 
These detected terminal voltage and discharge 

25 current have an a.c. component removed by low- 
pass filters 13, 14. This is due to a fact that the 
discharge characteristic of the battery is controlled 
by a phenomenon with a very slow rate of diffusion 
of the electrolyte and depends on an average dis- 

30 charge current value. 

The detected analog signal having the a.c. 
component removed is converted into a digital sig- 
nal by an A/D converter 17 through sample-hold 
circuits 15, 16 and outputted to the microcomputer 

35 18. 

The microcomputer 18 reads the terminal volt- 
age value and the discharge current value con- 
verted into the digital signal and obtains the re- 
maining capacity value corresponding to a com- 

40 bination thereof from the ROM 19. The ROM (read- 
only memory) 19 has a data table of the remaining 
capacity value, to be described afterward, prepared 
based on values measured in advance and stored. 
And the microcomputer 18 outputs binary data 

45 corresponding to the obtained remaining capacity 
value to a latch circuit 20. The binary data is data 
decoded to cause for example a display 21 to 
appropriately indicate the increase or decrease in 
the remaining capacity value. 

so The latch circuit 20 is structured to hold the 
last data until new data comes from the microcom- 
puter 1 8 and is output to the display 21 . 

The display 21 indicates the increase or de- 
crease of the remaining capacity value according 

55 to the data held in th latch circuit 20. A driving 
battery for electric-motor vehicles may be charged 
by regenerative braking when running. When 
charging, the remaining capacity value cannot be 
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obtained from the data table in the ROM 19 be- 
cause the battery is not discharged, and the dis- 
charge current and voltage values cannot be de- 
tected. Therefore, data of the microcomputer 10 is 
not outputted to the latch circuit 20 during this 
regeneration period. Accordingly, it is structured 
that during the period of regenerative braking, the 
remaining capacity value immediately before the 
regenerative braking is held and this remaining 
capacity value is indicated on the display 21. 

It does not matter whether or not regenerative 
braking can be detected according to a positive or 
negative current value, if an indication is used that 
regenerative braking is occurring by reasons of a 
separately received signal from a control circuit of 
the electric-motor vehicle. 

In this example, the display 21 is provided with 
an LED module 22 consisting of five LEDs as 
shown in Fig. 2. These LEDs are arranged in a 
horizontal direction and designed to increase or 
decrease the number of illuminated LEDs from the 
left side in the figure according to the decoded 
data from the latch circuit 20. Specifically, when 
the remaining capacity value is 80% or more, the 
remaining capacity is determined to be F (full) and 
the display illuminates all five LEDs of the LED 
module 22. Similarly, when the remaining capacity 
value is 60% or more and less than 80%, four 
LEDs are illuminated. Thus, the number of illumi- 
nated LEDs is decreased by one at every 20%, 
and 0% or below is determined to be E (empty). In 
this condition, all LEDs are turned off. Therefore, in 
Rg. 2, three LEDs are illuminated, indicating that 
the battery remaining capacity at a certain current 
used is 40% or more and less than 60%. 

This invention is not limited to the indication of 
the increase or decrease of the illuminated number 
of LEDs of the display 21, but it may be structured 
to indicate by the increase or decrease of the 
display range, by a change of brightness, or by a 
change of a color. 

The above circuit structure is merely one ex- 
ample, and it may be a more simplified circuit 
structure by for example subjecting the detection 
data read in the microcomputer 18 to a digital low- 
pass filtering, so that the low-pass filters 13, 14 can 
be omitted. Further, the sample-hold circuits 15, 16 
may be one sample-hold circuit which is switched 
by time-sharing, so that further simplification can 
be made. 

In addition, for the indication of the increase or 
decrease by the display, when a D/A converter is 
used at the downstream of the latch circuit, an 
analog voltmeter may be used as the display. 

Further, it is to be understood that making 
modifications to the indicating method, such as 
giving an allowance to the indication by allowing 
the display to indicate the battery exhaustion state 



E (empty) before reaching the remaining capacity 
0% thereby securing safety, does not depart from 
the invention. 

The data table stored in the ROM 19 is pre- 
5 pared from the actually measured data shown in 
Fig. 15 and has the characteristic that a relative 
value is used instead of an absolute capacity value. 

Specifically, in the data table shown in Rg. 3, 
after defining the maximum capacity value of each 

10 row as 100%, other values shown in the lower cells 
in the same column are defined and set as a 
percentage of the maximum capacity value. Spe- 
cifically, the maximum capacity value at each dis- 
charge current is determined to be 100%, and the 

75 remaining capacity value determined from this cur- 
rent value and the detection voltage at this time is 
indicated as a percentage with respect to the maxi- 
mum capacity value. Based on a discharge curve 
of voltage with respect to time for a given current 

20 value measured from an actual battery as shown in 
Fig. 14, the total discharge time of the time axis is 
divided according to the indicated percentages, 
and a voltage range corresponding to the division 
is determined. In other words, since the usable 

25 whole capacity varies according to each discharge 
current as shown in Rg. 4, according to this vari- 
able total capacity, the remaining capacity value at 
the discharge current for a given time is defined 
relatively as a percentage of the total capacity for a 

30 given current. 

Advantages of the battery remaining capacity 
meter using relative capacity values will be de- 
scribed with reference to the following examples. 
Rrst, when a fully charged battery is dis- 

35 charged at a low discharge current of 10A, and 
then the discharge current is increased to 80A, the 
voltage detection value decreases, and moves from 
a cell of 10A-12.3V to a cell of 80A-11.2 to 11.39V 
in the data table of Rg. 3. The remaining capacity 

40 value of both cells has a value of 100%, and the 
remaining capacity meter indicates 100%. The in- 
dication by the remaining capacity meter is con- 
stant regardless of the magnitude of the discharge 
current since the remaining capacity is in the fully 

45 charged state. Therefore, even when the discharge 
current is quickly brought back to 10A, the remain- 
ing capacity indication does not change and re- 
mains as 100%. And, after the passage of a pre- 
determined time under this discharge condition, 

so when the detected current-voltage value becomes 
10A-12.1 to 12.3V, the remaining capacity indica- 
tion lowers to 80%, but when the current is in- 
creased to 80A, the voltage lowers to 11.0 to 
11.19V, and the corresponding remaining capacity 

55 value remains the same at 80%. Thus, even when 
one discharge current changes to another dis- 
charge current, the indication of 80% capacity is 
the same and the indication itself is continuously 
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indicated. Similarly, once 0% is reached at any 
discharge current and the indication value of its cell 
becomes 0%, when the discharge current is 
changed, the voltage range also changes, and a 
cell indicating the remaining capacity moves, but 
the indicated value of the cell remains 0%. Specifi- 
cally, as shown In Fig. 3, the change of the in- 
dicated value due to the movement between cells 
in adjacent columns is horizontal or on a diagonal 
line and is continuously smooth such that the in- 
dication does not change suddenly, preventing the 
user from being confused unnecessarily. 

The above structure of the invention allows 
measurements of remaining capacity regardless of 
the presence or absence of a load. 

As shown above, differences in dischargeable 
capacity due to the magnitude of the battery dis- 
charge current value are automatically corrected, 
and the dischargeable capacity with respect to the 
present discharge current value can always be 
indicated correctly. And, since the battery is not 
over-discharged, the degradation of battery perfor- 
mance due to a careless misuse can be prevented, 
and the battery performance can be maximized. 

Further, the realization of the battery remaining 
capacity meter in a simple circuit structure can 
improve cost efficiency. 

In addition, the battery remaining capacity me- 
ter of the invention has an advantage that it is not 
necessary to make a temperature compensation 
due to a change of the electrolyte temperature in 
view of its operation. When the electrolyte tem- 
perature lowers, the battery terminal voltage de- 
creases with the decrease of the electromotive 
force and the increase of the internal resistance, 
and the rate of decrease of the terminal voltage is 
accelerated for a constant current discharge be- 
cause the rate of electrolyte diffusion is slowed. 
With the battery remaining capacity meter of the 
invention, these phenomena are automatically cor- 
rected as a decrease of the remaining capacity 
value as the rate of decrease of the terminal volt- 
age accelerates. Also, the degradation of the bat- 
tery performance can be recognized as a reduction 
of the remaining capacity after full charging. 

Furthermore, since a measured value imme- 
diately before the in-flow of an electric current to 
the battery is held and indicated for a period during 
which the electric current flows into the battery, it 
can handle the regenerative charge from regenera- 
tive braking in electric motor vehicles and related 
applications. 

As described above, since the usable battery 
remaining capacity decreases with the increase of 
a battery discharge current, a remaining capacity 
meter, which uses a current value as one of several 
variables for determining the remaining capacity, it 
needs to incorporate a function for correcting the 



indication of a remaining capacity according to 
increases or decreases in the electric current. This 
invention measures both a discharge current and a 
terminal voltage of a battery to determine the re- 

5 maining capacity. According to a combination of 
these measured current and voltage values, a ratio 
of the usable remaining capacity at that current 
value is determined with reference to the remaining 
capacity value stored in table form in the memory. 

w Specifically, the remaining capacity values stored 
in the data table of the invention correspond to 
relative values. A range indicating the relative re- 
maining capacities ranges from 100% for the fully 
charged battery to 0% for the battery in the empty 

J5 state. The dischargeable capacity at each dis- 
charge current is determined by discharging the 
battery from the fully charged state to the cut-off 
voltage of the empty state. The dischargeable ca- 
pacity at each current is divided at equal intervals 

20 such as 100%, 90%, 80%, 70%. 60%. 50%, 40%, 
30%, 20%, 10%, and 0%. The measured voltage 
at each uniform division point and the discharge 
current corresponding to it form one horizontal row 
of Fig. 3. Therefore, using the relative remaining 

25 capacity values (0 to 100%) of the invention, for 
the change of indication by the remaining capacity 
meter as a function of electric current, it can be 
clearly seen that the rate of decrease of the in- 
dicated values from 100% to 0% will be acceler- 

30 ated with increasing current. Thus, since a method, 
for correcting for capacity change as a function of 
electric current by the changing rate of decrease of 
the remaining capacity indicating values, is incor- 
porated into the battery capacity meter, the value 

35 indicated as the battery remaining capacity value 
can be easily understood and grasped by the user. 
This is because its function is very similar to that of 
a fuel meter used in conventional internal combus- 
tion engine cars. 

40 

(Example 2) 

The battery remaining capacity meter of the 
invention will be described based on Example 2 

45 shown in Fig. 5. The battery remaining capacity 
meter of this example has the same structure as 
that of Example 1 except that the data table stored 
in the memory means, ROM, is changed. 

Specifically, as shown in Fig. 5, this data table 

50 is prepared by modifying the data table of Fig. 3 
used in Example 1 , and consists of current values 
of the operating battery in the horizontal direction 
and percent divisions corresponding to the indica- 
tion division of the display means in the vertical 

55 direction. And, each block divided by these current 
values and percentage covers a voltage range 
meeting the percentage condition at each current 
from the data table of Fig. 5. When the battery is 
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being used, the battery remaining capacity is de- 
termined from the voltage value detected at the 
current used with reference to the table. Specifi- 
cally, it is structured that the reference row of the 
table is determined from the current used, a block 5 
is determined from the applicable detected voltage 
value in this reference row, and the remaining 
capacity percentage line corresponding to this 
block is determined. 

Therefore, the same effects as in the former jo 
example can be attained, and the volume of data 
can be reduced, enabling simplification. 

(Example 3) 

75 

Further, the battery remaining capacity meter 
of the invention will be described based on Exam- 
ple 3 shown in Fig. 6. The battery remaining ca- 
pacity meter of this example has the same circuit 
structure as that of Example 1 and Example 2 20 
except that the data table stored in the memory 
means, ROM, is changed. 

Specifically, as shown in Fig. 6, this data table 
has the same structure as the data table of Exam- 
ple 2, and the voltage value of each block is the 25 
lower limit value of each corresponding block used 
in the data table of Example 2. And, when the 
battery is being used, the battery remaining capac- 
ity is determined from the voltage value detected at 
the current used with reference to the table. Spe- 30 
cifically, the reference row of this table is first 
determined from the current used. Then, the de- 
tected voltage value and the voltage value of each 
block are compared, and the block Pn which meets 
the condition, Pn<detected voltage value<Pn + 1, is 35 
determined as the applicable block. Lastly, the 
remaining capacity percentage corresponding to 
the applicable block is determined, and the in- 
crease or decrease corresponding to this percent- 
age is indicated on the display. 40 

Therefore, the same effects as in the former 
example can be attained, and the volume of data 
can be reduced, enabling simplification. 

* (Example 4) 45 

Further, the battery remaining capacity meter 
of the invention will be described based on Exam- 
ple 4 shown in Fig. 7. The battery remaining ca- 
pacity meter of this example has the same circuit 50 
structure as that of Example 1 except that the data 
table stored in the ROM 19 is changed. 

Specifically, as shown in Fig. 7, this data table 
has the same structure as the data table of Exam- 
ple 2, and the voltage value of each block is the 55 
upper limit value of each corresponding block used, 
in the data table of Example 2. And, when the 
battery is being used, the battery remaining capac- 



ity is determined from the voltage value detected at 
the current used with reference to the table. Spe- 
cifically, the reference row of this table is first 
determined from the current used. Then, the de- 
tected voltage value and the voltage value of each 
block are compared, and the block Pn which meets 
the condition. Pn<detected voltage value<Pn + 1, is 
determined as the applicable block. Lastly, the 
remaining capacity percentage corresponding to 
the applicable block is determined, and the in- 
crease or decrease corresponding to this percent- 
age is indicated on the display. 

Therefore, in the same way as Example 3, the 
volume of data can be reduced, enabling sim- 
plification. 

(Comparative Example 1) 

Now, Comparative Example 1 will be described 
with reference to Fig. 8. The same circuit structure 
of the battery remaining capacity meter as that 
shown in Fig. 1 of this invention will be used in this 
Comparative Example 1 . The same display as that 
shown in Fig. 5 and used in Example 1 will be 
used. In addition, as described in Example 1, the 
structure for retaining the remaining capacity value 
immediately before the regenerative braking will be 
used in this Comparative Example 1 . 

Specifically, the data table stored in the mem- 
ory, ROM 19, is prepared based on the absolute 
capacity data of Fig. 15. But, to indicate the re- 
maining capacity using five LED modules, it is 
necessary to correct the obtained absolute capacity 
value into a percentage ranging from 0% to 100%. 
Specifically, when the maximum value (26.6Ah at a 
constant discharge rate of 10Ah) of the absolute 
capacity is defined as 100%, other values in the 
table are set as a percentage of this maximum 
capacity value. The data table thus obtained and 
actually stored in the ROM 1 9 is shown in Fig. 8. 

Disadvantages of using absolute capacity val- 
ues will be shown for the operating conditions 
described below. First, a fully charged battery is 
discharged at a low discharge rate of 10A, and 
then the discharge rate is increased to 80A. In this 
case, since the absolute capacity value varies ac- 
cording to the discharge current, the indication of 
the remaining capacity meter is switched from 
100% when discharged at 10A to 60% at 80A. And, 
when the discharge current is quickly brought back 
to 10A, the indication suddenly returns to 100% 
while passing through a state of 80%. Further, after 
the passage of a predetermined time under this 
discharging condition, the indication is reduced by 
one unit (20%). Although the indication remains 
same when the relative capacity value is used, in 
this case when the absolute capacity value is used, 
the display corresponds to the measured current- 
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voltage, indicating 80% at a 1 0A discharge current 
(12.1 to 12.3V) and 40% at an 80A discharge 
current (11.0 to 11.19V). After reaching the 0% 
limit, regardless of the discharge current, the in- 
dication becomes 0% at all current levels. In gen- 5 
eral, the display indicates drastic changes in the 
capacity indicating value for different current values 
when the battery is fully charged or nearly fully 
charged. The drastic changes in the capacity in- 
dicating value due to a change of the current value w 
becomes less drastic only as the battery gets clos- 
er to the empty state. Thus, on the whole, it is 
difficult for the user to understand the condition of 
the battery from this display. 

75 

(Comparative Example 2) 

Comparative Example 2 will be described with 
reference to Fig. 9 and Fig. 10. Comparative Exam- 
ple 2 uses the same circuit structure and display 20 
as in Example 1 of the invention. Therefore, the 
remaining capacity value immediately before re- 
generative braking is retained during the regenera- 
tive braking. 

Specifically, the data table stored in the ROM 25 
19 is prepared from the absolute capacity data of 
Fig. 9. First, the maximum capacity at each dis- 
charge current is defined again as 26.6Ah. This 
value is the maximum capacity within a range of 
current actually used. For the absolute capacity 30 
data defined in this way, when the discharge cur- 
rent is high, remaining capacity is indicated even 
after the cut-off voltage is reached and capacity 
cannot be withdrawn at this high current. 

As described in Comparative Example 2, to 35 
indicate the remaining capacity by five LED mod- 
ules, it is necessary to scale the absolute capacity 
value to a percentage of 0% to 100%. Specifically, 
when the maximum absolute capacity value 26.6Ah 
is defined as 100%, other values in the figure are 40 
determined as a percentage of this maximum ca- 
pacity value. Data obtained as a result and actually 
stored in the ROM 19 is shown in Fig. 10. 

Disadvantages of using the percentage indica- 
tion of the absolute capacity value shown in Fig. 10 45 
will be shown for the operating conditions de- 
scribed below. First, a fully charged battery is 
discharged at a low current discharge of 10A, and 
then at a large current discharge of 80A. In this 
case, when the maximum value of absolute capac- 50 
ity in each row of the table is defined as 100% 
regardless of the magnitude of the discharge cur- 
rent, the remaining capacity meter can indicate 
100% at both of 10A discharge and 80A discharge. 
Specifically, even when the 80A discharge is quick- 55 
ly returned to 10A, the indicated value does not 
vary from 100%. And, after the passage of a pre- 
determined time under this discharge condition, the 



indicated value is reduced by one unit (20%). It is 
easily seen that the remaining capacity indication 
output as a function of the current does not change 
drastically at this point. In this case, this is a result 
of the way in which the absolute capacity data is 
defined. 

However, when the battery is continuously dis- 
charged at a high discharge rate for a long period 
and then discharged at a low discharge rate, it can 
be recognized that the capacity reduces by one 
unit when the current is reduced to the lower rate. 
The disadvantage of using the absolute capacity 
value based on Fig. 10 becomes apparent as the 
battery gets closer to an empty state. Specifically, 
as seen from Fig. 10, when the battery is dis- 
charged at a high current rate, the actual battery 
capacity will reach the empty state even though the 
display value indicates a remaining capacity value 
of 40%. And, when discharged at an intermediate 
discharge rate, the battery will reach the empty 
state even though the display indicates a remaining 
capacity value of 20%. Even when the display 
indicates that the battery has an effective capacity, 
such a capacity is not available. As a result, the 
display shows drastic changes in the capacity in- 
dicating value as a function of the discharge cur- 
rent when the battery approaches the empty state. 
The drastic changes in capacity due to a change of 
the current become less drastic only as the battery 
gets closer to the fully charged state. As an overall 
result, when the remaining capacity meter of this 
Comparative Example is used, it is difficult for the 
user to understand the indicated value of the re- 
maining capacity. 

Industrial Applicability 

The invention structured as described above is 
suitable for a remaining capacity meter of a battery 
used as a driving source for an electric motor 
vehicle such as an electric car. 

Claims 

1. A battery remaining capacity meter which 
comprises: 

a detecting means for detecting the dis- 
charge current and the terminal voltage of a 
battery, 

a data table of remaining capacity values, 
which correspond to the combinations of cur- 
rent values at several different discharge cur- 
rents and in which the remaining capacity val- 
ues are based on actual values measured in 
advance, 

a memory for storing the above data table, 

and 

an indicating means for reading the re- 
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maining capacity value from the memory using 
the current value and the terminal voltage val- 
ue of the operating battery and for giving 
instructions to a display, wherein 

the remaining capacity value is set as a 5 
ratio between a total time during which a con- 
stant current discharge can be made from an 
initial voltage in a fully charged state to an end 
voltage and a remaining time during which the 
constant current discharge can be made from jo 
the detected terminal voltage value to the end 
voltage. 

2. A battery remaining capacity meter according 

to Claim 1, wherein the table stored in said 15 
memory has each current value corresponding 
to usable conditions in one span of the table 
and a voltage value division divided into sev- 
eral small ranges corresponding to each cur- 
rent value in the other span of the table. 20 

3. A battery remaining capacity meter according 
to Claim 2. wherein the remaining capacity 
values corresponding to current values in said 
table has the maximum capacity value of each 25 
row defined as 100%, and other values in the 
same row defined as a ratio of percentage with 
respect to the maximum capacity value. 

4. A battery remaining capacity meter according 30 
to Claim 3. wherein said display means is 
provided with a prescribed number of light 
emission elements and increases or decreases 

in the number of active light emission ele- 
ments corresponding to the magnitude of said 35 
remaining capacity value. 

5. A battery remaining capacity meter according 
to Claim 4, wherein said remaining capacity 
value of from 0 to 100% is divided into a aq 
plurality of groups, the number of said groups 
agrees with the number of said light emission 
elements, and increases or decreases in the 
number of active light emission elements cor- 
responding to the magnitude of said remaining 45 
capacity value. 

6. A battery remaining capacity meter according 
to Claim 1, wherein the remaining capacity 
value is determined from the terminal current 50 
and voltage value immediately before the in- 
flow of an electric current to the battery for a 
period during which the electric current flows 

into the battery by power regeneration. 
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